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(54) Manufacturing method for hollow panel 

(57) In a manufacturing method for hollow panels 
(10) wherein highly rigid, lighter and various shapes of 
hollow panels constructed by layering board material 
made from fibers, wood elements, or wood strands can 
be obtained economically, wood strands 17 on which a 
binder is added are layered with a plurality of cores 1 8, 
a thermal compression molding is performed on this lay- 



ered material uniformly, cores 18 are extracted after the 
thermal compression molding, and thus ribs (12) and 
holes (11) are formed in the panel. Also in the core (18) 
is a bar which may be of irregular shape, and the core 
can be a combination of bars having the same or differ- 
ent cross sections. The cores are joined by joining 
boards (1 9) in a direction of the short dimension of the 
core (18). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present invention relates to a manufactur- 
ing method for a hollow panel. The present invention 
particularly relates to a manufacturing method for ob- 
taining highly rigid, light-weight hollow panels made by 10 
layering boards made from materials such as fibers or 
wood element. 



Description of Related Art 
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[0002] According to the recent shortage of lumber re- 
sources more attention is recently paid on the conser- 
vation of forests, thus deforestation will be less available 
for future. As far as board products such as block boards 
manufactured from a large volume of lumber resources 20 
is concerned, unstable supplies or shortages are antic- 
ipated, as well as increases in the market price. Conse- 
quently wood panels made by utilizing wood strands 
which were conventionally a waste product and ligneous 
fibers made from scrap wood pieces are gathering more 25 
attention; therefore, the use of wood panels in areas in 
which block boards were conventionally used is anx- 
iously desired. 

[0003] Regarding such wood panels, for example, 
wood panels shown in FIG. 12 through 14 are already so 
known. 

[0004] The wood panel shown in FIG. 12 is made by 
layering, on both sides of paper honeycomb 1 , flat wood 
boards 2 and 2 which are thinner than the paper honey- 
comb 1 . 35 
[0005] The wood panel shown in FIG. 13 is made by 
layering, on both sides of a core material 3, surface lay- 
ers 4 and 4 which are thinner than the core material 3 
and which are made from a uniformly molded board 
made of bound wood strands which are made by binding 40 
the wood strands. 

[0006] The wood panel shown in FIG. 14 is made in 
such a way that corrugated resin molded board 5 is dis- 
posed between flat wood boards 6 and 6. 
[0007] The advantage of wood panels shown in FIGs. 45 
12 through 14 is their high rigidity and lightness; how- 
ever, the high manufacturing cost because of the com- 
plicated manufacturing steps is a problem in such wood 
panels. 

[0008] An object of the present invention is to provide so 
a more economical manufacturing method for highly rig- 
id; light, and variously shaped hollow panels made by 
layering the board made from materials such as fibers 
or wood elements. 



BRIEF SUMMARY OF THE INVENTION 

[0009] In the present manufacturing method for hol- 
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low panels, in order to solve such a problem, ribs and 
holes are formed by layering, with a plurality of cores, 
fibers, and wood elements to which binders are added, 
performing thermal compression molding on the layered 
materials, and extracting the cores after the thermal 
compression molding. 

[0010] According to the present manufacturing meth- 
od for hollow panels, the manufacturing steps are sim- 
plified by a uniform molding of medium layers and sur- 
face layers of the hollow panel. As a result, the manu- 
facturing cost can be reduced, and the dimension of the 
holes in the hollow panels can be more precise. Also, a 
greater variety of hollow panel can be manufactured by 
combined use of a small number of cores. 
Also, the panels are light because of the hollow con- 
struction. This hollow construction helps improving heat 
insulating and soundproofing effects by means of the 
aerial layer in the holes. Also, the rigidity of the hollow 
panels can be enhanced by ribs formed between the 
holes in the hollow panel and by the walls at ends of the 
hollow panel. 

Also, according to the present manufacturing method for 
hollow panels, convex sections can be easily'formed at 
a horizontal end of the hollow panel, and concave sec- 
tions can be easily formed on the other horizontal end 
of the hollow panel for the purpose of uniting a plurality 
of panels. Also, according to the present manufacturing 
method for hollow panels, cables can be easily embed- 
ded in the ribs between holes. 

[0011] In a second aspect of the manufacturing meth- 
od for hollow panels, the wood elements are wood 
strands. 

[0012] In a third aspect of the manufacturing method 
for hollow panels, the core is a combination of bars hav- 
ing irregular corss sectional shape. 
[0013] in a fourth aspect of the manufacturing method 
for hollow panels, the core is a combination of bars of 
uniform cross sectional shape, or different between the 
bars. 

[0014] In a fifth aspect of the manufacturing method 
for hollow panels, the cores are connected along the 
shorter direction of the cores by a connection board. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIG. 1 is a perspective view of an example of hollow 
panels manufactured by the first embodiment in the 
present manufacturing method for hollow panels. 
FIG. 2 is a cross section showing a part of the man- 
ufacturing stop of the first embodiment. 
FIG. 3 is a perspective view showing a part of the 
manufacturing step of the first embodiment. 
FIGs. 4 through 6 are views showing hollow panels 
manufactured by other embodiments of the present 
invention. 

FIG. 7 is a perspective view showing hollow panels 
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manufactured by other embodiments of the present 
invention. 

FIG. 8 is a cross sectional view showing a part of 
manufacturing step of the second embodiment in 
the manufacturing method for hollow panels.. 
FIG. 9 is a perspective view showing a part of the 
manufacturing step in the second embodiment of 
the present invention. 

FIGs. 1 0A through 101 are front views of cores used 
in the present manufacturing method for hollow 
panels. 

FIGs. 11 A and 11B are cross sections showing oth- 
er examples of hollow panels manufactured using 
the present manufacturing method for hollow pan- 
els. 

FIGs. 12 through 14 are perspective views showing 
examples of conventional wood panels. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Embodiments of the present invention are ex- 
plained as below. The present invention is not limited to 
these embodiments. Features of each embodiment can 
be combined with those of other, and the features of 
each embodiment can be combined with other known 
features. 

[0017] FIG. 1 is a perspective view of an example of 
panels manufactured using the present manufacturing 
method for hollow panels. 

[001 8] This panel 1 0 is made by adding binder to fib- 
ers or wood elements, by layering, with a plurality of 
cores, the fibers or wood elements to which this binder 
is added, performing the thermal compression molding 
uniformly on the layered materials, binding the layered 
materials uniformly, extracting the cores from the lay- 
ered materials after the thermal compression molding, 
making a plurality of holes 1 1 , which holes are separated 
by ribs 12, in the longitudinal direction of panel 10. 
[0019] As fibers used in the present invention, 
herbadeous fibers such as those from grasses, stalks, 
and straw, or fibers (fleece) which can be obtained from 
unwoven cloths can be mentioned. Also as wood ele- 
ments, material such as wood strands, ligneous fibers, 
wood chips, and wood particles can be mentioned. 
Wood strands, in particular, meet the requirement for ri- 
gidity for use as a construction material. 
[0020] A manufacluring method for hollow panels of 
the present invention is explained with reference to the 
Figs. 1 through 3 in which the wood strands are used in 
examples. 

[0021] The wood strands need not be specified to be 
of a particular type, and strands from conifers and from 
broadleaf trees can be used. More specifically, wood 
strands such as aspen, Pinus radiata, lodgepole pine, 
Japanese cedar, cypress, Japanese red pine, spruce, 
and Sakhalin fir can be mentioned. Lumber such as that 
from broadleaf trees and conifers may be processed by 
equipment such as a disc flaker (strand producing ma- 



chine) into strands. 

[0022] As wood strands to be used in the present in- 
vention, although the thickness of the wood strands is 
preferably between 0.05 through 1 mm and the average 

5 of the thickness is preferably between 0.1 through 0.45 
mm, the range of the thickness need not be specified to 
be only in the ranges. Here, the range of the thickness 
of the wood strands is a range between the minimum 
and the maximum of the thickness value of wood strand 

10 among 200 or more pieces of strands extracted random- 
ly. The average of the thickness is an average of the 
thickness value of extracted wood strands. When the 
thickness of the wood strands is less than 0.05 mm, the 
panel molded by such wood strand is less strong and 

is rigid. Also, because the forming volume before pressing 
is increased, productivity decreases and density in- 
creases afterthe molding process. In contrast, when the 
thickness of wood strands is more than 1 mm, flatness 
and smoothness of the surface of the panels is de- 

20 creased. 

[0023] Although the length of the wood strands need 
not be specified particularly, a desirable length is advan- 
tageously determined according to the shape of the 
molded panel. The range of lengths of the wood strand 

25 is preferably between 20 to 150 mm. The range of 
lengths of the wood strand is the range between the min- 
imum length and the maximum length among 50 or more 
pieces of wood strands extracted randomly. The aver- 
age length is an average of the lengths of extracted 

30 wood strands. More preferably, the length of each wood 
strand should be between plus or minus 10 mm of the 
average. 

[0024] Also, the width of the wood strands is prefera- 
bly between 1 to 50 mm, and the average of the width 

35 is preferably between 5 to 35 mm. Here the range of 
widths of the wood strand is a range between the mini- 
mum width and the maximum width of 50 or more pieces 
of wood strands randomly extracted, and the average 
of width is an average of widths of extracted wood 

to strands. When the width of wood strand is less than 1 
mm, the strands do not adhere sufficiently in the width 
direction, and thus the strength of the panel is de- 
creased. In contrast, when the width of the wood strands 
is more than 50 mm, wood strands tend to curl or bend , 

45 thus the binder reaches to the inside of such curled or 
bent part insufficiently in the mixing process of binder. 
Also, the air is insufficiently voided in the forming proc- 
ess; thus such air tends to remain in the panel as voids 
(air bubbles). As a result, wood strands moves, and fur- 

50 thermore, the flatness and smoothness of the panel ob- 
tained in such a condition is decreased. 
[0025] Although the disposition of wood strands form- 
ing a panel 10 need not be specified particularly, wood 
strand can be disposed such that the direction of the 

55 grain is generally arranged in one direction, and wood 
strands can be layered in three layers. 
[0026] More specifically, direction of the grain of wood 
strands layered under the top layer can be perpendicu- 
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lar to the direction of the wood strands in top layer of the 
three layers, and the direction of the grain of wood 
strands layered under the second layer can be parallel 
to the direction of the wood strand in the top layer of the 
three layers. The ratio of wood strands to be disposed 
in one direction can be determined according to the re- 
quired strength and the rigidity of panel 10. The direc- 
tions of the grains of wood strands can be random. 
[0027] As a binderto be used in the present invention, 
any resin such as a foaming binder resin which sponta- 
neously forms, non-foaming binder resin, and mixtures 
of these resins can be used. Among these binders, a 
foaming binder resin is preferably used. When a foam 
binder resin is used, the resin exists only at the crossing 
point of wood strands, and foam cells widen the voids 
between wood strands. Thus the quantity of resin used 
in a panel 10 can be decreased, and as a result, a less 
dense hollow panel 1 0 can be obtained. Also foam cells 
help improving the heat insulating and soundproofing ef- 
fect of the panel 10. 

[0028] As a form binder resin, any mixed form resin 
made of non-foam resin such as form resin which spon- 
taneously forms, or phenol resin, urea resin, epoxy res- 
in : or acrylic rosin, with forming agent may bo used. 
From the viewpoint of obtaining a hollow panel with im- 
proved rigidity and lower density, a form binder resin 
should be preferably made of form resin which sponta- 
neously forms. As a form resin which spontaneously 
forms, form polyurethane resin, form isocyanate resin, 
or more preferably a form PMDI (Polymeric 4, 4'-meth- 
ylenedianiline, or crude MDI) can be mentioned. Form 
polyurethane resin and isocyanate resin reactive with 
moisture, and a time necessary for thermal compression 
can be shortened by virtue of the faster reaction due to 
the self-foaming of isocyanate group (-NCO) with mois- 
ture. 

[0029] Adhesion of the binder is particularly strong 
when a forming PMDI is used. Also PMDI foams and 
cures at a lower temperature; thus the time necessary 
for thermal compression is reduced. More specifically, 
the temperature for thermal compression can be low- 
ered to a range between 140°C and 200°C, or further- 
more, to a range between 140°C and 180°C. Also, be- 
cause the compression time can be generally deter- 
mined by a formula such as "intended thickness of a 
board (mm)" x "1 0 to 1 5 seconds"; therefore the thermal 
compression step can be shortened. Also, when PMDI 
is used as a binder, decomposition of a mold releasing 
agent can be constrained due to the thermal compres- 
sion temperature as low as between 140°C and 180°C; 
thus, the panel becomes easily releasable from the 
mold, and the molding operation is more efficient. 
[0030] The ratio of the binder and the wood strand, 
both of which forms the panel 10 should preferably be 
100 parts per weight (absolute dry weight) of the wood 
strand and 3.5 to 20 parts per weight of binder. Density 
and strength of a panel 10 can be modified by changing 
the amount of binder added. 



[0031] Hardener, hardening catalyzer, hardening ac- 
celerator, diluent, viscosity reinforcer, dispersant, and 
water repellant agent can be added to the binder as nec- 
essary. 

5 [0032] Wood strands should be preferably acetylated 
in advance. When acetylating the wood strands, wood 
strands should be preferably acetylated in a gas phase 
(acetylated degree 12 to 20%) by contacting a vapor 
such as acetic acid, acetic anhydride, choloroaceticacid 
10 after the wood strands are dried until the water content 
of the wood strands becomes 3% or lower, or more pref- 
erably 1% or lower. As above, when wood strands are 
acetylated, the wood strands become resistant, and 
thus the panel 1 0 is of stable size. 
'5 [0033] Next, binder is added at the surface of wood 
strand in order to unite the wood strands. When mixing 
the wood strands and the binder, spray application 
methods are usually used. More specifically for exam- 
ple, a method such that the wood strand size and water 
20 content of which are adjusted as above is entered into 
a low speed rolling drum and the binder is sprayed to- 
wards the wood strands while wood strands are free- 
falling in this rolling drum is preferable. 
[0034] When the binder is applied on the wood 
25 strands by means of a spray method, the binder is dis- 
solved in a solvent before being applied. As long as a 
spraying device can apply the binder such that the bind- 
er is spread very flat, the dilution by a solvent is not nec- 
essary. 

30 [0035] Next, the wood strand to which the binder 
sticks becomes the panel 10 by forming by means of a 
press molding machine after the solvent in the binder 
such as water and acetone is dried and removed. 
[0036] As shown in FIG. 2, forming board 1 5 is put on 
35 the bottom of forming frame 1 4 which size is 800 to 2500 
mm length, 800 to 1300 mm width, and 50 to 300 mm 
height, then wood strands 17 on which a binder which 
forms flattened bottom section of the panel 1 0 is applied 
is spread to form a first layer ("a" in the drawing). 
^0 [0037] Consequently, cores 18 which are aluminum 
bars of trapezoidal cross section are disposed at con- 
stant intervals to form holes 1 1 as shown in FIG. 1 on 
the first layer of wood strands 1 7. Then the wood strands 

17 forming the panel 10 are spread on the cores 18 to 
4 5 form a second layer ("b" in the drawing). After that, the 

cores 18 are disposed on the second layer of wood 
strands 17 such that the cores 18 on the second layer 
face the cores 1 8 on the first layer at a constant interval. 
In this disposition, the trapezoidal cross sections of 
50 cores 1 8 on the second layer are inverted relative to the 
trapezoid cross sections of cores 18 on the first layer. 
Furthermore, the wood strands 17 forming upper flat- 
tened sections of the panel 1 0 are spread on these cores 

18 of the second layer to form a third layer (V in the 
55 drawing). 

[0038] Next, a forming board 1 6 is put on the third lay- 
er. 

As a core to be used in the present invention, the section 
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of the core is not specified to only be trapezoidal, and 
also It may employ bars of irregular cross section. Also, 
the size of the section of the core is preferably deter- 
mined according to the thickness of the panel to be 
formed. The cross section of the bar should be prefera- 
bly the same over the entire length of the part which 
functions as a core. Also the cross section of the barcan 
be tapered such that the cross section size at the ex- 
traction end of the bar is larger than the cross section 
size of the other end. 

[0039] Also, a core to be used in the present invention 
should be preferably made of material which does not 
deform nor decompose by heat and compression added 
in thermal compression molding. 
[0040] Next, the thermal compression molding is per- 
formed to the layered material which is made of layers 
of wood strands 17 as above under the conditions of 
temperature 140 to 220°C and pressing force 15 to 40 
kg / cm 2 for 6 to 15 minutes. 

[0041] Panel 10 made of wood strands united by bind- 
er can be obtained by performing the thermal compres- 
sion molding on the layered material of wood strands 1 7 
until the thickness of the layered material is compressed 
to 1/3 to 1/30 of the thickness before compression. 
[0042] Next as shown in FIG. 3, after the panel 10 
which was molded in thermal compression is cooled 
down, the cores 18 are extracted from the panel 10. 
Consequently after extracting the cores 18, the hollow 
panel 1 0 is obtained by trimming the margin of the panel 
1 0. A device such as a tip saw is used to trim the surface 
of the panel 10. 

[0043] The density of the panel 10 manufactured in 
this way is preferably 0.3 to 1 g/cm 3 and more preferably 
0.5 to 0.8 g/cm 3 ; thus, such a hollow panel is an MDF 
(Medium Density Fiberboard) such as a hard board, par- 
ticle board, flake board, random strand board, and wafer 
board. 

[0044] According to the manufacturing method for the 
hollow panel of the present invention, the medium layer 
of the panel 1 0 and the surface layer of the panel 1 0 can 
be molded uniformly; thus, the manufacturing steps can 
be simplified and the manufacturing cost can be re- 
duced. Also the panel 10 is hollow; thus, the panel 10 
can be lighter. Also, the holes 11 in the hollow section 
are air spaces, and the heat insulating and soundproof- 
ing effects are improved. Also, because the ribs 12 are 
formed between holes 11 of the panel 10. and because 
the horizontal ends 13 and 13 of the panel 10 become 
walls, the rigidity of the panel 10 is improved. 
[0045] Also according to the present invention , as 
shown in FIG. 4, a hollow panel 20 having a joining con- 
vex section 22 at a horizontal end, a joining concave 
section 23 at the other horizontal end and holes 21 , can 
be easily obtained. A convex section 22 and a concave 
section 23 can be formed by a cutting operation such as 
milling after the panel is formed as above. When the 
wood strands are selected according to the length or the 
size of the wood strands, the surface of the end of the 



panel can be formed to be smooth, and convex section 
22 and concave section 23 can be formed easily. When 
molding uniformly, if a forming section of joining convex 
section 22 and joining concave section 23 are arranged 
5 in the forming frame of the panel 20, a more uniform 
thermal compression molding can be performed as eas- 
ily as by the manufacturing method for the hollow panel 
shown in FIG. 2. 

[0046] In a panel 30 shown in FIG. 5 : a cable 33 is 
io embedded in a rib 32 between holes 31 . 

[0047] This panel 30 is obtained by disposing the ca- 
ble 33 and the core 1 8 in parallel near the cores 1 8 when 
disposing the cores 18 shown in FIG. 2, and then per- 
forming the uniform molding by the thermal compres- 
15 sion molding. As the cable 33, telephone wire, optical 
fiber, and electrical wire can be mentioned. 
[0048] Also, by the present invention, as shown in 
FIG. 6, a panel 40 having an indented section on the 
surface can be uniformly molded. 
20 [0049] In this case, the indented section of the panel 
40 is formed on the forming board to be used for forming 
the panel 40, then the panel 40 can be molded uniformly 
by using the irregularly shaped core as easily as by the 
manufacturing method for the hollow panel shown in 
FIG. 2. 

[0050] Alternatively, the panel 40 can be obtained by 
uniformly molding a hollow panel having holes 41, 42, 
43 with the shapes shown in FIG. 6 in the thermal com- 
pression molding, then by forming the indented section 
30 by milling the surface of the hollow panel. 

[0051] A panel 40 obtained in this way may be used 
for an ornamented board for precut products such as 
doors. 

[0052] Also by the present invention, as shown in FIG. 

35 7, a panel 50 having an indented section on the surface 
can be uniformly molded. In this case, the indented sec- 
tion of the panel 50 is formed on the forming board to 
be used for forming the panel 50, then the panel 50 can 
be molded uniformly by the thermal compression mold- 

io mg using the irregularly shaped core as easily as by the 
manufacturing method for the hollow panel shown in 
FIG. 2. 

[0053] Otherwise 5 the panel 50 can be obtained by 
uniformly molding a hollow panel having holes 51 and 

^5 52 with the shapes shown in FIG. 7 in the thermal com- 
pression molding, then by forming the indented section- 
by milling the surface of the hollow panel. 
[0054] A panel 50 obtained in this way may be used 
for a framework of a door, a frame for a picture, and a 

50 decorative molding. 

[0055] Next, the second embodiment of the present 
invention is explained as follows. 

[0056] FIG. 1 is a perspective view of an example of 
panels manufactured with the present manufacturing 
55 method of hollow panels shown in the first embodiment. 
The second embodiment is explained with reference to 
this FIG. 1. 

[0057] This panel 10 is also made adding binder to 
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fibers or wood elements, layering, with a plurality of 
cores joined by a joining board in the direction of the 
shorter dimension of the cores, fibers or wood elements 
to which this binder is added, performing the thermal 
compression molding uniformly on this layered material, 
binding the layered material uniformly, extracting the 
cores from the layered material after the thermal com- 
pression molding, making a plurality of holes 11, which 
holes are separated by ribs 12, in the longitudinal direc- 
tion of panel 10. 

[0058] The descriptions regarding the size and the 
material of the wood strand, acetylating treatment, and 
binder resin to be used in the panel 10 are omitted be- 
cause the descriptions are the same as in the first em- 
bodiment. 

[0059] The feature of the second embodiment is that 
the cores are joined with a constant interval by a joining 
board. As shown in FIG. 8, forming board 15 is put on 
the bottom of forming Trame 1 4 which sue is for example 
800 to 2500 mm length ; 800 to 1300 mm width, and 50 
to 300 mm height; then wood strands 17 on which a 
binder which forms a flattened bottom section of the 
panel 10 is applied is spread to form a first layer ("a" in 
the drawing). 

[0060] Consequently, cores 1 8 which are trapezoidal 
cross section aluminum which are joining in constant in- 
terval in advance by a joining board 19a are disposed 
to form holes 11 in FIG. 1 on the first layer of wood 
strands 1 7. Also, as shown in FIG. 9, joining boards 1 9a 
and 19b join cores 18 in the distant position from the 
end surface of the hollow panel 10 such that the wood 
strands are not layered on the joining boards 19a and 
19b. Also, the joining boards 19a and 19b are made of 
aluminum, iron, or stainless steel, and the thickness of 
the joining boards 1 9a and 1 9b is 3 to 1 0 mm. The joining 
boards 1 9a and 1 9b are joined to the cores 1 8 by means 
of bolts. 

[0061] The cores 18 are joined by the joining boards 
1 9a and 1 9b, and thus the holes 1 1 of the hollow panel 
1 0 are formed very precisely. Then the wood strands 1 7 
forming the panel 1 0 are spread on the cores 1 8a to form 
a second layer ("b" in the drawing). 
[0062] Next, the cores 1 8b joined in constant interval 
by the joining board 19b are disposed on the second 
layer of the wood strands 1 7. When combining the cores 
1 8b, the cores 1 8b are disposed in intervals of the cores 
1 8a. The direction of Ihe trapezoids of the cores 18b is 
inversed to the direction of the trapezoids of the cores 
1 8a on the first layer. Furthermore, the wood strands 1 7 
forming the upper flat section of the panel 1 0 is spread 
on the cores 1 8b to form a third layer ( H c tt in the drawing). 
[0063] Noxt, a forming board 1 6 is put on the third lay- 
er. 

[0064] Consequently, the thermal compression mold- 
ing is performed to the layered materials which is made 
of layers of wood strands 1 7 as above in the condition 
of temperature 140 to 220°C and pressing force 15 to 
40 kg/cm 2 for 6 to 1 5 minutes. 



[0065] Panel 1 0 made of wood strands united by bind- 
er can be obtained by performing the thermal compres- 
sion molding on the layered material of wood strands 1 7 
until the thickness of the layered material is compressed 
5 to 1/3 to 1/30 of the thickness before compression. 
[0066] Next as shown in FIG. 9, after the panel 10 
which was molded in thermal compression is cooled 
down, the cores 18 are extracted from the panel 10. 
Consequently after extracting the cores 18, the hollow 
'0 panel 1 0 is obtained by trimming the margin of the panel 
10. 

[0067] A device such as a tip saw is used to trim the 
surface of the panel 10. 

[0068] The section of the core to be used in present 
'5 invention is not specified to be only a trapezoid, and bar 
with various section can be used. More specifically, as 
shown in FIG. 1 0A to 1 01, the shape of the core can be 
a square, rectangle, parallelogram, diamond, pentagon, 
star, circle, ellipse, gourd-shape, and so on. Also, the 
?o size of the section of the core is preferably determined 
according to the thickness of the hollow panel to be 
molded. 

[0069] Also the cores to be used in the present inven- 
tion arc formed in taper towards the longitudinal direc- 
ts tion of the core, thus the core can be easily extracted 
after the thermal compression molding of the hollow 
panel. 

[0070] Also as shown in FIG. 11 A and 11B, the com- 
bined use of different shaped cores is possible in the 

30 present invention. 

[0071] Also, the bar-shape cores to be used in the 
present invention are made of material which does not 
deform nor decompose by heat and compression added 
in thermal compression molding. More specifically, ma- 

35 terials such as iron, stainless steel, aluminum, synthetic 
resin, ceramics, and mixtures of synthetic resin and ce- 
ramics can be mentioned. 

[0072] Also, as an extracting method for the cores 
from the hollow panel, a drawing method, heating meth- 

40 od, smashing method can be mentioned. More specifi- 
cally, if the core is a metal, all the cores can be extracted 
easily by pulling the joining board. If the core is a syn- 
thetic resin, the core can be extracted easily by heating 
the cores until they melt. If the core is a ceramic or a 

* 5 mixture of synthetic resin and ceramics, the cores can 
be extracted easily by vibrating the cores until they are 
crushed. 

[0073] Thus a panel similar to that of the first embod- 
iment can also be obtained by the second embodiment 

EXPERIMENTAL EXAMPLE 

[0074] The first experimental example is explained 
with a reference to the FIG. 2 as follows. 

>5 

First experimental Example 

[0075] Wood strands 17 approximately 25 mm in 
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length, 5 to 25 mm in width, and 0.3 mm in thickness 
(average) were made from lumber having water content 
of 80 to 130 % using a disk f laker (wafer producing de- 
vice). 

[0076] Next, wood strands 1 7 were dried at 1 00°C for 
24 hours using an air drier. The water content of the 
wood strands after the drying was almost 2%. 
[0077] Next, 1 533 g of obtained wood strands 1 7 were 
put in a rolling drum which was rotated in low speed, 
and the binders were applied by a spraying method to 
the wood strands during the free-fall of the wood strands 
in the drum. As a binder, 134 g of crude polymethylene 
diphenyl diisocyanate (SUMIDUR 44V20 produced by 
Sumitomo Bayer Urethane Co., Ltd.), solution of 89 g of 
water-soluble phenol binder (RESITOP PL-4600 pro- 
duced by Gunei Chemical Industry Co., Ltd.) with 74 g 
of water and 60 g of paraffin wax emulsion (SELOSOL 
428 produced by Chukyo Yushi Company Ltd.) were 
used. When the absolute dry weight of the wood strands 
1 7 was 1 00 parts per weight, the ratio of the amount of 
the applied binder was SUMIDUR 44V20: 9 parts per 
weight, RESITOP PL-4600: 3 parts per weight, SELOS- 
OL 428: 2 parts per weight. The order of application was 
the SELOSOL 428 aqueous solution of PL-4600, and 
then SUMIDUR 44V20. 

[0078] Next, the moisture in the wood strands on 
which the binder was applied was dried and removed, 
wood strands 1 7 were obtained by means of the press 
molding machine. A forming board 15 is put on the bot- 
tom of the forming frame 14 with the size of 330 mm in 
length, 300 mm in width, and 300 mm in height: then, 
51 9 g of the wood strands 1 7, on which the binder form- 
ing the flattened bottom section of the panel 10 were 
applied were spread to form the first layer. 
[0079] Next, cores 1 8 made from the aluminum bar of 
trapezoidal cross section were disposed at constant in- 
terval on the first layer of the wood strands. Additionally, 
675 g of wood strands 17, which forms the holed con- 
struction of the panel 1 0, on which the binders were ap- 
plied were spread on the cores 18 to form the second 
layer. 

[0080] Consequently, the cores 18 are disposed on 
the second layer of the wood strands 17 such that the 
cores 18 on the second layer are put in the middle area 
of the cores 1 8 which were disposed between the first 
layer and the second layer at a constant interval. In this 
case, the direction of the trapezoidal cores 18 on the 
second layer was inverse to the direction of trapezoidal 
cores 18 which were disposed between the first layer 
and the second layer. Furthermore, 696 g of the wood 
strands 17 which was to form the upper flat section of 
the panel 10 and on which the binder was applied were 
spread on the cores 1 8 to form the third layer. Thus, the 
total thickness of the layered materials was almost 1 20 
mm. 

[0081 ] The forming board 1 6 for the thermal compres- 
sion molding was disposed on the upper surface of the 
layered material. 



[0082] Next, the thermal compression molding was 
performed on the layered material under the conditions 
of 180°C for 8 minutes such that the thickness of the 
layered material was compressed from 120 mm to 22 
5 mm. The highest pressure was 70 kg/cm 2 at this time. 
[0083] Next, the cores 18 were extracted after the 
thermal compressed molded panel 1 0 was cooled down 
to room temperature. 

[0084] Consequently, the edges of the panel 1 0 were 
10 trimmed by using a tip saw after extracting the cores 18, 
and the surfaces of the panel 10 were ground by using 
a wide belt sander #120, and then the panel 10 with di- 
mensions of 300 mm in length, 270 mm in width, and 20 
mm in thickness was obtained. 
'5 [0085] As a result of measuring the thickness of the 
panel 1 0 which was obtained in this way using a density 
distribution measuring device (Standard ATR Density 
Profilometer, Type DPM2018 produced by the ATR 
Company) which measures Lhe density profile in the 
20 thickness direction, the density was 0.6 g/cm 3 . 

[0086] The second experimental example is ex- 
plained with a reference to FIG. 2 as follows. 

Second Experimental Example 

25 

[0087] Wood strands 17 approximately 25 mm in 
length, 5 to 25 mm in width, 0.3 mm in thickness (aver- 
age) were made from lumber in which the water content 
is 80 to 130% using a disk flaker (wafer manufacturing 
30 device). 

[0088] Next, wood strands 1 7 were dried at 1 00°C for 
24 hours using an air drier. The water content of the 
wood strands after the dehydration was almost 2 %. 
[0089] Next, 1 533 g of obtained wood strands 1 7 were 

35 put in the rolling drum which was rotated at low speed, 
and the binders were applied by a spraying method to 
the wood strands during the free-fall of the wood strands 
in the drum. As a binder, 134 g of crude polymethylene 
diphenyl diisocyanate (SUMIDUR 44V20 produced by 

^0 - Sumitomo Bayer Urethane Co., Ltd.), solution of 89 g of 
water-soluble phenol binder (RESITOP PL-4600 pro- 
duced by Gunei Chemical Industry Co., Ltd.) and 74 g 
of water, and 60 g of paraffin wax emulsion (SELOSOL 
428 produced by Chukyo Yushi Company Ltd.) were 

45 used. When the absolute dry weight of the wood strands 
17 was 100 parts per weight, the ratio of the amount of* 
the applied binder was, SUMIDUR 44V20: 9 parts per. 
weight, RESITOP PL-4600: 3 parts per weight, and 
SELOSOL 428: 2 parts per weight. 

so [0090] The order of applying was the SELOSOL 428, 
aqueous solution of PL-4600, and then SUMIDUR 
44V20. 

[0091] Next, the moisture in the wood strands on 
which the binder was applied was dried and removed, 
55 wood strands 1 7 were pressed to be formed using the 
press molding machine. A forming board 1 5 was put on 
the bottom of the forming frame 14 with dimensions of 
330 mm in length, 300 mm in width, and 300 mm in 
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height, and then 51 9 g of the wood strands 1 7, on which 
the binder forming the flattened bottom section of the 
panel 1 0 was applied were spread to form the first layer 
[0092] Next, cores 1 8 made from the aluminum bar 
having a trapezoidal cross section were disposed at 
constant interval on the first layer of the wood strands. 
Additionally, 675 g of wood strands 1 7, forming the holed 
construction of the panel 10, on which the binders were 
applied were spread on the cores 1 8 to form the second 
layer 

[0093] Consequently, the cores 18b which were 
joined at constant interval by joining board 1 9b were dis- 
posed on the second layer of the wood strands 1 7. 
When joining the cores 1 8b, the cores 1 8b are disposed 
such that the cores 18b on the second layer are put in 
the middle area of the cores 18a which were disposed 
between the first layer and the second layer at constant 
interval. In this case, the direction of the trapezoidal 
cores 1 8b on the second layer was inverse Lo the direc- 
tion of the trapezoidal cores 18a which were disposed 
between the first layer and the second layer. Further- 
more, 696 g of the wood strands 1 7 which was to form 
the upper flat section of the panel 10 and on which the 
binder was applied wore spread on the cores 1 8b to form 
the third layer. Thus, the total thickness of the layered 
material was almost 120 mm. 

[0094] The forming board 1 6 for the thermal compres- 
sion molding was put on the upper surface of the layered 
material. 

[0095] Next, the thermal compression molding was 
performed on the layered material at 180°C for 8 min- 
utes such that the thickness of the layered material was 
compressed from 120 mm to 22 mm. The highest pres- 
sure was 70 kg/cm* at this time. 
[0096] Next, the cores 18a and 18b were extracted 
after the thermal compression molded panel 10 was 
cooled down to room temperature. 
[0097] Consequently, the edges of the panel 1 0 were 
trimmed by using a tip saw after extracting the cores 1 8a 
and 18b, and the surface of the panel 10 were ground 
by using a wide belt sander #120, and then the panel 
10 having dimensions of 300 mm in length, 270 mm in 
width, and 20 mm in thickness was obtained. 
[0098] As a result of measuring the thickness of the 
panel 1 o which was obtained in this way using a density 
distribution measuring device (Standard ATR Density 
Profilometer, Type DPM201 8 produced by ATR Compa- 
ny) which measures the density profile in the thickness 
direction, the density was 0.6 g/cm 3 . 
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at least one core (1 8) is provided in the layer; 
performing thermal compression molding on 
such layer; 

extracting the core (1 8) after the thermal com- 
pression molding. 

A manufacturing method fora hollow panel (1 0) ac- 
cording to Claim 1 wherein the wood element is a 
wood strand (17). 

A manufacturing method for a hollow panel accord- 
ing to Claim 1 wherein the core (18) is a bar. 

A manufacturing method for a hollow panel (1 0) ac- 
cording to Claim 3 wherein two or more cores (18), 
which are bars having at least one type of cross sec- 
tion, are provided. 

A manufacturing method for a hollow panel (10) ac- 
cording to Claim 3 wherein two or more cores are 
joined by a joining board (1 9) in a direction of a short 
member of the core. 

A manufacturing method for a hollow panel (10) ac- 
cording to Claim 2 wherein the thickness of the 
wood strands (1 7) is 1 mm, or less. 

A manufacturing method for a hollow panel (10) ac- 
cording to Claim 2 wherein the length of the wood 
strands (17) is within the range of 20 to 150 mm. 

A manufacturing method for a hollow panel (1 0) ac- 
cording to Claim 2 wherein the width of the wood 
strands (17) is within the range of 1 to 50 mm. 

A manufacturing method for a hollow panel (10) ac- 
cording to Claim 2 wherein wood strands (17) are 
disposed unidirectionally. 

A manufacturing method for a hollow panel (1 0) ac- 
cording to Claim 2 wherein a the layer comprises a 
lamination consisting of a 1 st lamina and a 2nd lam- 
ina wherein the direction of the disposition of wood 
strands (1 7) of the 1 st and 2nd lamina are different. 



50 



Claims 



A manufacturing method for a hollow panel, com- 
prising the steps: 



55 



preparing a layer comprising at least one of fib- 
ers and wood elements and a binder, wherein 



3CID: <ep 1 199141A2. 1_> 



8 



EP 1 199 141 A2 



10 




FIG. 3 



CID: <£P 1199141 A2 J. > 



9 



EP 1 199 141 A2 




1 199141A2J_> 



10 



EP 1 199 141 A2 





:ID: <EP 1199141A2J,> 



11 



EP 1 199 141 A2 




FIG. 6 




FIG. 7 



OCID: <EP 1 199141 A2_l„> 



12 



EP 1 199 141 A2 




1199141A2_L> 



13 



EP 1 199 141 A2 



jo 




FIG. 9 



FIG. 11 A 




FIG. 1 IB 



' y / / / / / / / / / / / / / / y — " — i 



14 

OCID: <EP 1199141A2 J. > 



EP 1 199 141 A2 



FIG. 10A FIG. 10B FIG. IOC 






FIG. 10D FIG. 10E FIG. 10F 






FIG. 10G FIG. 1 OH FIG. 101 



15 



EP 1 199 141 A2 



FIG. 12 PRIOR ART 




FIG. 13 PRIOR ART 




FIG. 14 PRIOR ART 



16 



iiMHieiniiiiiiiiiiiini 

(11) EP 1 199 141 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) \ ntC \ 7 B27N 5/02 

07.01.2004 Bulletin 2004/02 

(43) Date of publication A2: 

24.04.2002 Bulletin 2002/17 

(21) Application number: 01124055.3 



(22) Date of filing: 09.10.2001 



(84) Designated Contracting States: 


(72) 


Inventor: Inagaki, Takayoshi, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




c/o Yamaha Corporation 


MC NL PT SE TR 




Hamamatsu-shi, Shizuoka-ken (JP) 


Designated Extension States: 




AL LT LV MK RO SI 


(74) 


Representative: 


(30) Priority: 16.10.2000 JP 2000315075 




Geyer, Ulrich F., Dr. Dipl.-Phys. et al 




WAGNER & GEYER, 


31.10.2000 JP 2000333794 




Patentanwalte, 






Gewurzmuhlstrasse 5 


(71) Applicant: YAMAHA CORPORATION 




80538 Munchen (OE) 


Hamamatsu-shi Shizuoka-ken (JP) 





(54) Manufacturing method for hollow panel 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) In a manufacturing method for hollow panels 
(10) wherein highly rigid, lighter and various shapes of 
hollow panels constructed by layering board material 
made from fibers, wood elements, or wood strands can 
be obtained economically, wood strands 17 on which a 
binder is added are layered with a plurality of cores 1 8, 
a thermal compression molding is performed on this lay- 



ered material uniformly, cores 1 8 are extracted after the 
thermal compression molding, and thus ribs (12) and 
holes (11) are formed in the panel. Also in the core (18) 
is a bar which may be of irregular shape, and the core 
can be a combination of bars having the same or differ- 
ent cross sections. The cores are joined by joining 
boards (1 9) in a direction of the short dimension of the 
core (18). 




Pnntod by Jouvc, 75001 PARIS (FR) 



OCID: <EP 1 199141 A3J_> 



EP 1 199 141 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 4055 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate 
of relevant passages ' 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCl.7) 



WO 98 03747 A (EELA HARRI ;GUDMUNDSS0N 
EDGAR (IS)) 29 January 1998 (1998-01-29) 

* page 4, paragraph 2; claims 1,2 * 

* page 5, paragraph 1; figures * 

DE 864 632 C (HOLZWERKE H WILHELMI) 
26 January 1953 (1953-01-26) 

* claims; figures * 

DE 198 43 493 A (IHD INST FUER 

H01ZTECHN0L0GIE) 

23 March 2000 (2000-03-23) 

* page 2, line 39 - line 40; example * 

US 5 183 616 A (HEDRICK THOMAS W) 
2 February 1993 (1993-02-02) 

* figure 3A * 

US 3 956 555 A (MCKEAN HERBERT B) 
11 May 1976 (1976-05-11) 



1,3,4 



1,3 



1,2,6-10 



B27N5/02 



The present search report has been drawn up for afl claims 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



B27N 



Pioce ot seorcM 

THE HAGUE 



Dato ol completion of the search 

14 November 2003 



Pipping, L 



CATEGORY OF CiTED documents 

X : particularly rclevani if laken alone 

Y : particularly relevant if combined with another 

document or the same caiegory 
A : technological background 
O non-wntien disclosure 
P : intermediate document 



T : Iheory or principle underlying the invention 
E : earlier patent docurrtenl. but published on. or 

artcr the tiling date 
D . document cited in (he application 
L document cited for other reasons 



& : member ot tne same patent family, conespondinq 
document * 



DCID: <EP_„.1199141A3_I„> 



2 



EP 1 199 141 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 4055 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of Information. 

14-11-2003 





Patent document 




Publication 






Patent tamily 


Publication 




cited in search report 




date 






members) 


date 


WO 


9803747 


A 


29-01-1998 


FI 


962942 A 


24-01-1998 










AU 


3446597 A 


10-02-1998 










CN 


1231711 A ,B 


13-10-1999 










EP 


0914527 Al 


12-05-1999 










WO 


9803747 Al 


29-01-1998 










JP 


2000514739 T 


07-11-2000 


DE 


864632 


C 


26-01-1953 


NONE 






DE 


19843493 


A 


23-03-2000 


DE 


19843493 Al 


23-03-2000 


US 


5183616 


A 


02-02-1993 


NONE 






US 


3956555 


A 


11-05-1976 


NONE 







2» For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3CID: <EP 1 199141A3_I.> 



3 



THIS PAGE BLAN K 



(USPTO) 



